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AMINOFUNCnONAL SILICONE RESINS AND EMULSIONS CONTAINING THEM 

DESCRIPTION 

(0001] This invention relates to new aminofunctional silicone resins which can be used to 
S make tough, water, solvent and heat resistant hybrid materials with select oiganic materials. 
The aminofunctional resins have higher aryl content, R2Si02/2 content and amine content 
than those known in the art Aminofunctional silicone resins are known in the art For 
example, in U.S. Patent No. 5,262,507 is disclosed an aminofunctional silicone lesin 
comprising the units (i) PhSi03/2, (ii) R2SiO, and (iii) aminofunctional siloxy units selected 
10 fiom the group consisting essentially of a. H2NRiSi03/2, b. RivHNRiiSi03/2, 

c. (RivHNRii)3.y(Rv)ySiOi/2, d. (H2NRii)3.x(Rv)xSiOi/2 and, e. mixtures of a, b, c, and d, 
wherein Ph is the phenyl radical; each R is independently selected from phenyl and alkyl 
groups of 1 to 3 carbon atoms with the proviso fbat when R in (ii) is an alkyl radical in eadi 
case, there can be no more than 10 weigiht percent of (ii) in the silicone resin and with the 

15 further proviso that when one R in (ii) is an alkyl radical and one R in in) is a phenyl radical 
on the same silicon atom, ihete can be no more than 1 5 weight percent of (ii) present in the 
silicone resin; Ri is a divalent hydrocarbon radical selected from alkylene, arylene, 
alkarylene, and aralkylene having 1 to 10 carbon atoms, and -RjjNHRiii-, wherein and 
Riii are each independently selected fiom alkylene, arylene, alkarylene and aralkylene of 1 to 

20 10 carbon atoms; each of x and y have a value of 0, 1, or 2; Rjy is selected fiom methyl, ethyl, 
I»ropyl or phenyl; Ry is selected fiom methyl and phenyl, and ihs aminofunctional silicone 
resin has an -NH- equivalent in the range of 350 to 1 000. 

10002] In U.S. Patent No. 4,988,778 is disclosed a stable polyamine-functional silane resin 
which is prepared by reacting: (i) an aminoalkoxysilane and (ii) a hydroxy- and amine- 
25 functional compound. The aminoalkoxysilane is disclosed as being typically of the formula: 
RNHRlSi(R2)m(OR3)n whecein R is hydrogen, an alkyl gtaap with no more dian four 
carbon atoms, an aminoalkyl ffoup, alkylaminoalkyl group or alkoxysilano alkyl group with 
no more than 6 carbon atoms in the alkyl group; r1 is an alkylene having 1 to 6 carbon 
atoms, cycloallqrlene or aryl group; r2 is an allqrl having 1 to 10 carbon atoms, cycloalkyl or 
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aryl group; r3 is an lower alkyl group having 1 to about 4 caibon atoms; m is 0 or 1 ; n is 3 to 
2; and m+n-3. Some specific aminoalkoxysilanes disclosed include 
aminoethyltrimethoxysilane, aminopropyltrimettioxysilane, aminopropyltriethoxysilane, 
aminopropyldimethoxymethylsilane, aminopropyldiethoxymethylsilane, aminoethyl-gamma- 
5 aminopropyltrimethoxysilane, and iminobis(propyltrimethoxysilane). The hydroxy and amine 
functional compoimd is disclosed as being an amino alcohol, amino polyalcohol, a 
polyamino alcohol or a polyamino polyalcohol. 

[0003] In U.S. Patent No. 5,1 10,891 is disclosed an aminofunctional organosilicon 
compound of the fommla R3SiO[R2SiO]x[RQ*SiO]y[RQSiO]zSiR3 
10 wfaeroin R denotes an alkyl group of one to four carbons, OH, an alkoxy group or a phenyl 
group with the proviso that at least fifty percent of the total R groups are methyl; Q denotes 
an amine fimctional substituent of the formula -R^Z, wherein r2 is a divalent alkylene 
radical of three to six carbon atoms and Z is a monovalent radical selected fix>m the group 
consisting -NR23, -NR3(CH2)nNR23, and -NR3(CH2)nN(R3xC=0)R4 wherein r3 denotes 

1 5 hydrogen or an alkyl group of one to four carbons, r4 denotes an alkyl group of one to four 
carbons and n is an integer from two to six; x, y and z are integers the sum of which is within 
the range of about twenty-five to about eight hundred; 4 is at least one; and denotes an 
amine functional substituent as defined above additionally including a carbon bonded silicon 
atom having at least one silicon-bonded hydrolyzable group. 

20 [0004] In U.S. Patent No. 5,489,482 is disclosed a fihn forming composition, comprismg an 
amine-modified highly polymerized polysiloxane ropresented by the general formula (1): 

RaR'3.aSiO(R2SiO)m(RR*SiO)nSiRaR'3.a wherein R, which are the same or different, each 
represent a monovalent hydrocarbon group having 1 to 6 carbon atoms, a hydroxyl group, or a 
hydrogen atom, R' each represent an amino-group-containing organic group, a is an integer of 
25 0 to 3, m is an integer of 1 or more, and n is an integer of 5 or more, provided that m+n is an 
integer of 2,000 or more, and dissolved in an organic solvent, which film forming 
composition can give a smooth soft film that is excellent in water rq)ellency, water resistance, 
touch, and durability in comparison with the conventional film forming compositions. 
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[0005] In U.S. Patent No. 5,840,95 1 is disclosed oiganosilicon compounds containing 
reactive amino groups, their preparation and fheir use. 

[0006] In U.S. Patent No. 3,890,269 is disclosed a process for preparing amino- 
functional organopolysiloxanes which comprises equilibrating a mixture containing 
5 organopolysiloxane and an aminofunctional silane or siloxane in the presence of 
a catalyst. 

[0007] In U.S. Patent No. 5,152,984 is disclosed an aminofunctional silicone resin 
comprising the reaction product of an aminofunctional silane and a silicone resin having a 
formula selected from the group consisting of 
10 RSi03/2 (I), (RSi03/2)w(R'R"SiO)x(Si04/2)y (H), and 
(RSi03/2)v/R'R"SiO)x(Si04/2)y(R3'"SiO)z (TO) 

wherein R, R', R", and R*" are selected from the group consisting of alkyl, alkenyl, aryl, and 
alkylaryl radicals having from one to twenty carbon atoms; and w, x, y, and z are integers 
having a value of from zero to about one thousand with the proviso that the sum of w and y is 
15 at least one. 

[0008] In U.S. Patent No. 5,126,126 is disclosed a hair treating composition comprising a 
mixture of a film forming material and a solvent for the film forming material, the film 
forming material being an aminofunctional silicone resin which is the reaction product 
obtained by directly combining a cyclic silylamine and a silicone resin, the silicone resin 
20 being a hydroxy derivative having a formula selected from the group consisting of 
RSi03/2 (I), (RSi03/2)vv(R'R"SiO)x(Si04/2)y (H), and 

(RSi03/2)w(R'R"SiO)x(Si04/2)y(R3'"SiOi/2)z m 

wherein R, R', R", and R"' are selected from the groiq) consisting of alkyl, alkenyl, aryl, and 
alkylaryl radicals having from one to twenty carbon atoms; x, y, and z are integers having a 
25 value of from zero to about one thousand and w is an integer having a value of from one to 
about one thousand. 

[0009] In U.S. Patent No. 4,972,029 is disclosed thermally stable, crosslmked epoxy resins 
obtained by crosslinking an epoxy resin with a silicon compound containing a basic nitrogen 
which is bonded to silicon via carbon and to which at least 1 hydrogen atom is bonded 
30 directly to the nitrogen atom, and thereafter conditioning the crosslinked epoxy resin. 
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[0010] Cage structured aminofunctional silicone resins are disclosed in the journal article 
entitled "^A PolyimideNanocomposite from Octa(aminophenyl)silsesquioxane'\ R. Tamaki, J. 
Choi, and Laine, Chemical Materials, Volume IS, pages 793-797 (2003) and in the 
journal article entitled **Silicone/Amine Resin Hybrid Materials as Abrasion Resistant 
5 Coatings**, C. Li and G. Wilkes, Chemical Materials, Volume 13, pages 3663-3668 (2001). 

[0011] When silicone resins are added to epoxy compounds at high loadings the glass 
transition temperature of the hybrid material is within the use range and it is accompanied by 
a large drop in modulus which hinders the reliability of devices based on these materials. 
Epoxy compounds are brittle and need to be toughened for use in many applications however 
10 when linear siloxanes are added to provide greater flexibility the material loses its solvent 
resistance. Hence there is a need for a material that flexibilizes epoxies while maintaining 
low CTE and solvent resistance. Thus there is a need for amino-functional resins with higih 
R2SiO content >15 mol%, and high amine content. 

[0012] Thus this invention relates to an aminofunctional silicone resin comprising the units: 
15 (R3SiOi/2)a (i) 
(R2Si02/2)b (ii) 
(RSi03/2)c (iii)and 
(Si04/2)d (iv) 

wherein R is independently an alkyl group, an aryl group, or an aminofunctional hydrocarbon 
20 group, a has a value of less than 0.4, b has a value of greater than O.IS, c has a value of 

greater than zero to 0.7, dhas a value of less than 0.2, the value of a + b + c + d = 1, with the 
provisos that 3 to SO mole percent of silicon atoms contain aminofunctional hydrocarbon 
groups in units (i), (ii) or (iii), the -NH- equivalent weight of the aminofunctional silicone 
resin is fix>m 100 to 1500, alternatively fix>m 100 to 1000, alternatively 150 to 350, the 
25 aminofunctional silicone resin is in the form of a neat liquid, solution, or meltable solid, 

greater than 20 weight percent of unit (ii) is present in the aminofunctional silicone resin, less 
than 10 weight percent of unit (ii) are Me2Si02/2 ^ts in the aminofunctional silicone resin, 

and greater than 50 weight percent of silicon-bonded R groups are silicon-bonded aryl 
groiq>s. 
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[0013] The -NH- equivalent weight as used herein means the weight of material that 
contains one atomic weight of amine hydrogen. 

[0014] The alkyl groups of R are illustrated by methyl, ethyl, propyl, butyl, hexyl, octyl, 
decyl, dodecyl, hexadecyl, and octadecyl with the alkyl group typically being methyh The 

5 aryl groups are illustrated by phenyl, naphthyl, benzyl, tolyl, xylyl, xenyl, methylphenyl, 2- 
phenylethyl, 2-phenyl-2*methylethyl, chlorophenyl, bromophenyl and fluorophenyl with the 
aryl group typically being phenyl. The aminofunctional hydrocarbon group is illustrated by 
groups having the formula -R^NHR^ or -R^NHRInHR^ wherein each r1 is independently 
a divalent hydrocarbon radical having at least 2 carbon atoms and R^ is hydrogen or an alkyl 

10 group. Each R^ is typically an alkylene radical having firom 2 to 20 carbon atoms. R^ is 
illustrated by -CH2CH2-, -CH2CH2CH2-, -CH2CHCH3., -CH2CH2CH2CH2- 
.CH2CH(CH3)CH2-, -CH2CH2CH2CH2CH2-, -CH2CH2CH2CH2CH2CH2-, 
-CH2CH2CH(CH2CH3)CH2CH2CH2-, -CH2CH2CH2CH2CH2CH2CH2CH2-, and 
-CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2-. The alkyl groups r2 are as illustrated 

1 S above for R. When R^ is an alkyl group it is typically methyl. 

[0015] Typical aminofunctional hydrocarbon groups are -CH2CH2NH2, 

.CH2CH2CH2NH2, -CH2CHCH3NH, -CH2CH2CH2CH2NH2» 

.CH2CH2CH2CH2CH2NH2, -CH2CH2CH2CH2CH2CH2NH2, 

-CH2CH2NHCH3, -CH2CH2CH2NHCH3, -CH2(CH3)CHCH2NHCH3, 
20 .CH2CH2CH2CH2NHCH3, -CH2CH2NHCH2CH2NH2, 

.CH2CH2CH2NHCH2CH2CH2NH2> -CH2CH2CH2CH2NHCH2CH2CH2CH2NH2, 
.CH2CH2NHCH2CH2NHCH3, -CH2CH2CH2NHCH2CH2CH2NHCH3, 
-CH2CH2CH2CH2NHCH2CH2CH2CH2NHCH3, and 
-CH2CH2NHCH2CH2NHCH2CH2CH2CH3. 

25 [0016] The aminofunctional silicone resins of ibis invention are illustrated by 
aminofunctional silicone resins comprising the units: 
a) ((CH3)3SiOi/2)a 
(u) (C6H5(CH3)Si02/2)b 

(iii) ((CH3)RSi02/2)b vs^ere R = -CH2CH2CH2NH2 
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(iv) (C6H5Si03/2)c, 

aminoftinctional silicone resins comprising the units: 

(i) (C6H5(CH3)Si02/2)b 

(ii) ((CH3)RSi02/2)b where R = -CH2CH2CH2NH2 
5 (iii) (C6H5Si03/2)c. 

aminofunctional silicone lesins comprising the units: 

(i) ((CH3)3SiOi/2)a 

(ii) ((CH3)RSi02/2)b where R--CH2CH2CH2NH2 

(iii) (RSi03/2)c where R = -CH2CH2CH2NH2 
10 (iv) (C6H5Si03/2)c, 

aminofiinctional silicone resins comprising the units: 
(i) ((CH3)3SiOi/2)a 

(u) ((CH3)RSi02/2)b where R=-CH2CH2CH2NH2 
(iii) (C6H5Si03/2)c 
1 5 aminofunctional silicone resin comprising the units 
a) ((CH3)3SiOi/2)a 
(u) (CH3)2Si02/2)b 

(iii) ((CH3)RSi02/2)b where R = -CH2CH2CH2NH2 

(iv) (C6H5Si03/2)c 

20 aminofiinctional silicone resin comprising the units: 

(i) ((CH3)2RSiOi/2)a where R = -CH2(CH3)CHCH2NHCH3 
(u) (CH3)2Si02/2)b 

(iii) (C6H5(CH3)Si02/2)b 

(iv) (C6H5Si03/2)c 

25 amino&nctional silicone resins comprising the units: 

(i) ((CH3)2RSiOi/2)a where R = -CH2(CH3)CHCH2NHCH3 
(u) (C6H5(CH3)Si02/2)b 
(iii) (C6H5Si03/2)c . 

aminofunctional silicone resins comprising the units: 
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(i) ((CH3)RSi02/2)b where R = ^H2(CH3)CHCH2NHCH3 

(ii) (C6H5(CH3)Si02/2)b 
(ui) (C6H5Si03/2)c , 

aminofunctional silicone resins comprising the units: 

(i) ((CH3)2RSiOi/2)a where R « .CH2(CH3)CHCH2NHCH3 

(ii) (C6H5(CH3)Si02/2)b 

(iii) (Si04/2)d,and 

aminofunctional silicone resins comprising the units: 

(i) ((CH3)3SiOi/2)a 

(ii) (C6H5(CH3)Si02/2)b 

(iU) ((CH3)RSi02/2)b where R = -CH2CH2CH2NH2 

(iv) (C6H5Si03/2)c 

(V) (Si04/2)d 

wherein a, b, c, and d are as defined above. 

[0017] In the aminofunctional silicone resin a has a typical value of 0.1 to 0.3, b has a 
typical value of 0.2 to 0.4, c has a typical value of 0.2 to 0.5, d has a typical value of 0. 
Generally, 10 to 30 mole percent of silicon atoms contain aminofunctional hydrocarbon 
groups in units (i), (ii) or (iii), the -NH- equivalent weight of the aminofunctional silicone 
resin is generally from 100 to 1500, alternatively from 100 to 1000, alternatively from 150 to 
350, generally 20 to 50 weight percent of unit (ii) is present in the aminofunctional silicone 
resin, generally from 0 to 5 weight percent of unit (ii) are Me2SiC)2^ units in the 
aminofunctional silicone resin, and generally from 50 to 75 weight percent of silicon-bonded 
R groups are silicon-bonded aryl groups. 

[0018] Generally, the aminofunctional silicone resins of this invention were prepared by 
reaction of a cyclic silazane with a hydroxy-containing siloxane resin or by hydrolytic 
polycondensation of alkoxysilanes by one of two methods. In some cases, the hydrolysis of 
the non-aminofunctional alkoxysilanes was accomplished via catalysis with strong acid, 
followed by addition of the aminofunctional silanes and base-catalyzed equilibration of these 
species to yield the aminofunctional silicone resin. In other cases, the entire hydrolysis was 
run under base-catalyzed conditions with the aminofunctional alkoxysilane(s) present from 



wo 2005/010076 



PCT/US2004/021777 



the start In both cases» the hydrolysis was followed by distillative removal of by-product 
alcohoU filtration and removal of solvmt to provide fhe product 
[0019] More specifically the aminofimctional silicone resins of this invention can be 
manufactured by preparing a mixture of 45-60 wt% of aryltrialkoxysilane, 

5 arylalkyldialkoxysilane, y-aminoalkyltrialkoxysilane, y-aminoalkyldialkoxysilane and/or y- 
aminoalkylmonoalkoxysilaneoptionally dissolving the mixture in up to 35 wt% of an 
aromatic solvent This mixture is then hydrolyzed with 1-20 wt% of deionized water, 
followed by distillative removal of the by-product alcohoL The resulting product is then 
optionally reacted with up to 50 wt% of trialkylalkoxysilane, hexamethyldisilazane (HMDZ), 

1 0 Y'^noalkyldialkoxysilane, y-aminoalkylmonoalkoxysilane and/or dialkyldialkoxysilane, up 
to 35 wt% of additional solvent, and up to 20 wt% water can be added, a catalytic amount 
(to make 0-0.1 wt% KOH) of aqueous potassium hydroxide can then be optionally added and 
ihe water removed via azeotrope. The hydroxide, if added, is neutralized with aqueous HCl 
or acetic acid, and water removed again via azeotrope. The mixture is then filtered and 

15 solvent removed to yield the aminofimctional silicone resin. Typically tifate aryl group is 
phenyl, the alkyl group is methyl, the alkoxy group is either methoxy or ethoxy, and the 
amino group is the aminofimctional hydrocarbon group described above. 
The aminofimctional silicone resins of this invention can also be manufactured by 
hydrolyzing 20-50 wt% of aryltrialkoxysilane and/or arylalkyldialkoxysilane, catalyzed by 0- 

20 0.05 wt% with trifluoromethanesulfonic acid (TFMSA), with deionized water (0-10 wt%), 
followed by distillative removal of by-product alcohol. Up to 35 wt% of 
hexamethyldisiloxane (HMDS), up to 10 wt% water, and optionally up to 40 wt% toluene is 
added and the mixture heated to 50-60°C optionally followed by distillative removal of 
volatiles. Up to 20 wt% of y-aminoalkyltrialkoxysilane (APTES), y- 

25 aminoalkylmonoalkoxysilane or y-aminoalkyldiaUcoxyalkylsilane are added along with up to 
10 wt% water, followed by distillative removal of alcohol. Up to 40 wt% of toluene (if it was 
not added earlier) is added, up to 10 wt% of water, and optionally a catalytic amount (to 
make 0-0.1 wt% KOH) of 1 .0 N aqueous potassium hydroxide is added and water removed 
via azeotrope. If added, the hydroxide was neutralized with 1 .0 N aqueous HCl or acetic 

30 acid, and water again removed via azeotrope. The mixture was filtered and solvent removed 
to yield the aminofimctional silicone resin. Typically the aryl group is phenyl, the alkyl group 
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is methyl, the alkoxy group is either methoxy or ethoxy, and the amino group is the 
aminofimctional hydrocarbon group described above. 

[0020] The aminofunctional silicone resins of this invention can also be manufactured by 
preparing a mixture of aryltrialkoxysilane, arylalkyldialkoxysilane, and 

5 Y-aminoalkyldiallcoxyalkylsilane optionally dissolved in xylenes and hydrolyzed with 
deionized water, followed by distillative removal of by-product alcohol. The resulting 
product is then reacted with triailcylalkoxysilane, additional xylenes and additional water, 
followed by azeotropic removal of water. To a portion of this reaction mixture, additional 
xylene and colloidal silica dispersion are added and the water removed via azeotrope. The 

10 mixture is filtered and solvent removed to yield the silicone resin. Typically the aryl group is 
phenyl, the alkyl group is methyl, the alkoxy group is either methoxy or ethoxy, and the 
amino group is the aminofunctional hydrocarbon group described above. 
[0021] The aminofunctional silicone resins of this invention can also be manufactured by 
preparing a mixture of aryltrialkoxysilane and arylalkyldialkoxysilane optionally dissolved in 

1 5 xylenes and hydrolyzed with deionized water, followed by distillative removal of by-product 
alcohol. The resulting product is then reacted with cyclosilazane. The mixture is filtered and 
solvent removed to yield the silicone resin. Typically the aryl group is phenyl, the alkyl group 
is methyl, the alkoxy group is either methoxy or ethoxy, and the amino group is the 
aminofunctional hydrocarbon group described above. 

20 [0022] The aminofunctional silicone resins of this invention are useful in making tough, 
water, solvent, and heat resistant hybrid materials when used in combination with selected 
organic materials, particularly epoxy-containing organic materials. The aminofunctional 
resins of this invention have the ability to flexibilize epoxy compounds while maintaining 
low CTE and solvent resistance. 

25 [0023] This invention also relates to an emulsion composition comprising: (A) an 
aminofunctional silicone resin comprising tiie units: 
(R3SiOi/2)a (i) 
(R2Si02/2)b (ii) 
(RSi03/2)c (iii) and 

30 (Si04/2)d (iv) 
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wherein R is independently an alkyl group» an aryl group, or an aminofunctional hydrocarbon 
group, a has a value of less than 0.4, b has a value of greater than 0.15, c has a value of 
greater than zero to 0.7, d has a value of less than 0.2, the value ofa + b + c + d«l, with the 
provisos that 3 to 50 mole percent of silicon atoms contain aminofunctional hydrocarbon 
groups in units (i), (ii) or (iii), the -NH- equivalent weight of the aminofunctional silicone 
resin is fix>m ICQ to 1500, alternatively from 100 to 1000, altematively from 150 to 350, the 
aminofunctional silicone resin is in the form of a neat liquid, solution, or meltable solid, 
greater than 20 weight percent of unit (ii) is present in the aminofunctional silicone resin, less 
than 10 weight percent of unit (ii) are Me2Si02/2 ^ aminofunctional silicone resin, 
and greater than 50 weight percent of silicon-bonded R groups are silicon-bonded aryl 
groups; (B) at least one surfactant; and (C) water. 

[0024] The aminofunctional silicone resin of Component (A) is as described above 
including preferred embodiments tiiereof. The amount of Component (A) in the emulsion 
composition is typically fiom 25 to 75 weight percent, said weight percent being based on the 
total weight of tihie emulsion composition. 

[0025] Component (B) is at least one sur&ctant The surfactant may be an anionic, cationic, 
nonionic, or amphoteric surfactant. The surfactants may be employed separately or in 
combinations of two or more. Examples of suitable anionic surfactants include alkali metal 
siilforicinates, siilfonated glyceryl esters of fatty acids such as sulfonated monoglycerides of 
coconut oil acids, salts of sulfonated monovalent alcohol esters such as sodium 
oleylisethianate, amides of amino sulfonic acids such as the sodium salt of oleyl methyl 
tauride, sulfonated products of fatty acids nitriles such as palmitonitrile sulfonate, sulfonated 
aromatic hydrocarbons such as sodium alpha-naphthalene monosulfonate, condensation 
products of naphthalene sulfonic acids with formaldehyde, sodium octahydroantiiracene 
sulfonate, alkali metal alkyl sulfates such as sodium lauryl sulfate, anunonium lauryl sulfate 
or triethanol amine lauryl sul£ate, ether sulfates having alkyl groups of 8 or more carbon 
atoms such as sodium lauryl ether sulfate, ammonium lauryl ether sulfate, sodium alkyl aryl 
ether sulfates, and ammonium alkyl aryl ether sulfates, alkylarylsulfonates having 1 or more 
alkyl groups of 8 or more, carbon atoms, alkylbenzenesulfonic acid alkali metal salts 
exemplified by hexylbenzenesulfonic acid sodium salt, octylbenzenesulfonic acid sodium 
salt, decylbenzenesulfonic acid sodium salt, dodecylbenzenesiilfonic acid sodixmi salt, 
cetylbenzenesulfonic acid sodimn salt, and myristylbenzenesulfonic acid sodium salt, siilfuric 
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esters of polyoxyethylene alkyl ether including CH3(CH2)6CH20(C2H40)2S03H, 
CH3(CH2)7CH20(C2H40)3.5S03H, CH3(CH2)8CH20(C2H4^ 

CH3(CH2)i9CH20(C2H40)4S03H, and CH3(CH2)ioCH20(C2H40)6S03H, sodium salts, 
potassium salts, and amine salts of alkylnaphthylsulfonic acid. 

S [0026] Examples of cationic surfactants include various fatty acid amines and amides and 
their derivatives, and the salts of the &tty acid amines and amides. Examples of aliphatic 
fetty acid amines include dodecylamine acetate, octadecylamine acetate, and acetates of the 
amines of tallow fiitty acids, homologues of aromatic amines having fatty acids such as 
dodecylanalin, fatty amides derived from aliphatic diamines such as undecylimidazoline, 

10 fatty amides derived from aliphatic diamines such as undecylimidazoline, fatty amides 

derived from disubstituted amines such as oleylaminodiethylamine, derivatives of ethylene 
diamine, quaternary ammoniimi compounds and their salts which are exemplified by tallow 
trimethyl ammonium chloride, dioctadecyldimethyl ammonivun chloride, didodecyldimethyl 
ammonium chloride, dihexadecyl ammoniimi chloride, alkyltrimethylammonium hydroxides 

15 such as octyltrimethylanunonium hydroxide, dodecyltrimethylammonium hydroxide, or 
hexadecyltrimethylammonium hydroxide, dialkyldimethylantmionium hydroxides such as 
octyldimethylammonium hydroxide, decyldimethylammoniiun hydroxide, 
didodecyldimethylammonium hydroxide, dioctadecyldimethylammonium hydroxide, tallow 
trimethylammonium hydroxide, coconut oil, trimethylammoniimi hydroxide, 

20 methylpolyoxyethylene cocoammonium chloride, and dipalmityl hydroxyethylammonium 
methosulfate, amide derivatives of amino alcohols such as beta-hydroxylethylstearylamide, 
and amine salts of long chain fotty acids. 

[0027] Examples of nonionic surfactants include polyoxyethylene alkyl ethers, 
polyoxyethylene alkylphenol ethers, polyoxyethylene lauryl ethers, polyoxyethylene sorbitan 
25 monoleates, polyoxyethylene alkyl esters, polyoxyethylene sorbitan alkyl esters, polyethylene 
glycol, polypropylene glycol, diethylene glycol, ethoxylated trimethylnonanols, and 
polyoxyalkylene glycol modified polysiloxane surfactants. 

[0028] Examples of the amphoteric surfactants that can be used include amino acid 
surfactants and betaine acid surfactants. 
30 [0029] Typical commercially available surfactants include trimethylnonyl polyethylene 
glycol ethers and polyethylene glycol ether alcohols containing linear alkyl groups having 
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fiom 1 1 to 15 such as 2,6,8-triinethyl-4-nonyloxypolyethylene oxyefhanol (6 EO) (sold as 
Tergitol(B>TMN-6 by The Dow Chemical Company, Midland, MI), 2,6,8*trimetfayl-4- 
nonyloxypolyethylene oxyethanol (10 EO) (sold as Tergitol®TMN-10 by The Dow Chemical 
Company, Midland, MI), alkylene-oxypolyethylene oxyethanol (Cj i.is secondary alkyl, 9 
EO) (sold as Tergitol®15-S-9 by The Dow Chemical Company, Midland, MI), alkylene- 
oxypolyethylene oxyethanol (Cj j.js secondary alkyl, 15 EO) (sold as Tergitol®15-S-15 by 
The Dow Chemical Company, Midland, MI), octylphenoxy polyethoxy ethanols having 
varying amounts of ethylene oxide units such as octylphenoxy polyethoxy ethanol (40 EO) 
(sold as Triton® X405 by Rohm and Haas Company, Philadelphia, Pa.), nonionic etiioxylated 
tridecyl ethers available from Emery Industries, Mauldin, S.C. under the general tradename 
Trycol, alkali metal salts of dialkyl sulfosuccinates available from American Cyanamid 
Company, Wayne, N J. under the general tradename Aerosol, polyethoxylated quaternary 
ammonium salts and ethylene oxide condensation products of the primary &tty amines, 
available from Armak Company, Chicago, 111. imder the tradenames Ethoquad, Ethomeen, or 
Arquad, and polyoxyalkylene glycol modified polysiloxanes. These preferred surfactants may 
also be obtained from other suppliers under different tradenames. 

[0030] Surfactants useful in the invention also include those derived from silicone, sorbitan 
derivatives, and fatty alcohol derivatives. More specifically, suitable surfactants include, but 
are not limited to, sorbitan sesquioleate, sorbitan oleate, sorbitan isostearate; alkoxylated 
alcohols such as ethoxylated fatty alcohols including laureth-4, laureth-7, deceth-12, steareth- 
10; hydroxylated derivatives of polymeric silicones, such as dimethicone copolyol; alkylated 
derivatives of hydroxylated polymeric silicones such as cetyl dimethicone copolyol; glyceryl 
esters such as polyglyceryM-isostearate; and mixtures thereof, especially mixtures of 
hydroxylated derivatives of polymeric silicones, alkylated derivatives of hydroxylated 
polymeric silicones and glyceryl esters, most especially mixtures of dimethicone copolyol, 
cetyl dimethicone copolyol and polyglyceryM-isostearate. Most preferred is a mbcture of 
such surfrictants, i.e. a dimethicone copolyol, sorbitan sesquioleate and laureth-7. 
[0031] The amount of Component (B) in the emulsion composition is typically from 1 to 20 
weight percent, said weight percent being based on the total weight of the emulsion 
composition. 
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[0032] Component (C) is vmter. OenoaUy ymter is present at a level of fiom about 20 to 80 
weight percent, said weight percent being based on the total weight of the emulsion 
composition. 

[0033] The emulsion compositions of this invention can further comprise fragrances, 
5 preservatives, vitamins, ceramides, amino-acid derivatives, liposomes, polyols, such as 
glycerine and propylene glycol and botanicals (plant extracts) and additional conditioning 
agents such as quaternary polymers or silicone materials. Other additives can include, but are 
not limited to the following depending on the use, glycols, vitamins A, vitamin C and vitamin 
E in their various forms, Pro-Vitamin B5, sunscreen agents (these include those which absorb 

1 0 ultraviolet light between about 290-320 nanometers (the UV-B region) and those which 
absorb ultraviolet light in the range of 320-400 (the UV-B region)), humectants, 
preservatives, such as known parabens, emollients, occlusive agents, and estets. Other 
additives can include pigments especially when the emulsion is used as a make-up. 
[0034] The compositions according to the invention can also contain agents for artificially 

1 5 tanning and/or browning die ddn (self-tanning agents), such as, for example, 

dihydroxyacetone (DHA). These optional ingredients can be preset in the raiulsion 
compositions of this invention up in an amount ofvp to 5 parts by weight per 100 parts by 
weight of emulsion composition, but typically are presoit in amount of fiom 0.1 to 1 part by 
weight per 100 parts by weight of emulsion composition. Also the emulsion can be spray 

20 dried to form a resin/active composite particle. 

[0035] The emulsion compositions of this invention may be prepared by mixing (or 
mechanically agitating) components (A)-(C), and any optional components, to form a 
homogenous mixture. This may be accomplished by any convenient mixing method known in 
the art exemplified by a spatula, mechanical stirrers, in-line mixing systems containing 

25 bafSes and/or blades, powered in-line mixers, homogenizers, a drum roller, a three-roll mill, 
a Sigma blade mixer, a bread dough mixer, and a two roll mill. The order of mixing is not 
considered oitical. 
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EXAMPLES 

EXAMPLE 1 

(0036] Aminofunctional Silicone Resins A1-A9 were prepared in the following manner. 
A mixture of phenyltrimethoxysilane, phenylmethyldimetfaoxysilane, 
y-aminopropyltriethoxysilane (APTES), and/or y-aminopropyldiethoxymethylsilane 
(APDEMS) was optionally dissolved in aromatic solvent and hydrolyzed with deionized 
water, followed by distillative removal of by-product alcohol. The resulting structure was 
optionally reacted with trimethylethoxysilane, hexamethyldisilazane (HMDZ), APDEMS 
and/or dimethyldimethoxysilane, additional solvent and additional water added, a catalytic 
amount of aqueous potassium hydroxide optionally added and the water removed via 
azeotrope. The hydroxide, if added, was neutralized with aqueous HCl or acetic acid, and 
water removed again via azeotrope. The mixture was filtered and solvent removed to yield 
silicone resin product. The amount of each ingredient is shown in Table 1 below. The final 
aminofimctional silicone resin composition, wt% phenyl (Ph), wt% R2SiO (D), 
wt% Me2SiO (D(Me2)), mole percent amino (-CH2CH2CH2NH2), vrt% amine (-NH2), and 
-NH- (Amine H) equivalent weight are shown in Table 2 below. 

[0037] Aminofunctional Silicone Resins Bl- B6 were prepared in the following manner. 
Phenyltrimethoxysilane and/or phenylmethyldimethoxysilane, catalyzed by 
trifluoromethanesulfonic acid (TFMSA), were hydrolyzed with deionized water, foUowed by 
distillative removal of by-product alcohol. Hexamethyldisiloxane (HMDS) and additional 
water were added and the mixture heated to 50-60''C optionally followed by distillative 
removal of volatiles. y-Aminopropyltriethoxysilane (APTES) or y- 
aminopropyldiethoxymethylsUane (APDEMS) were added along with additional water, 
followed by distillative removal of alcohol. Toluene, additional water and optionally a 
catalytic amount of 1.0 N aqueous potassium hydroxide were added and water removed via 
azeotrope. If added flie hydroxide was neutralized with 1 .0 N aqueous HCl, and water again 
removed via azeotrope. The mixture was filtered and solvent removed. The amount of each 
ingredient is shown in Table 1 below. The final aminofimctional siUcone lesin composition, 
wt% phenyl (Ph), wt% R2SiO (D), wt% Me2SiO (D(Me2)), mole percent amino 
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(-CH2CH2CH2NH2), wt% amine (•NH2), and -NH- (Amine H) equivalent weight are 
shown in Table 2 below. 

[0038] Aminofimctional Silicone Resin CI was prepared in the following manner. 
A mixture (amounts in Table 1) of phenyltrimethoxysilane, phenyhnethyldimethoxysilane, 
5 and y-aminopropyldiethoxymethylsilane (APDEMS) was optionally dissolved in xylenes and 
hydrolyzed with deionized water, followed by distillative removal of by-product alcohol. 
The resulting structure was reacted with trimethylethoxysilane, additional xylenes and 
additional water, followed by azeotropic removal of water. To a 177.0 gram portion of this 
reaction mixture, 19.3 grams of additional xylenes and 48.5 grams of colloidal siUca 

10 dispersion (Ludox® HS-40-220 m^/gm Grace Davison (Columbia, MD)) were added and the 
water rranoved via azeotrope. The mixture was filtered and solvent removed to yield 1 10.6 
grams of silicone resin product. The amount of each ingredient is shown in Table 1 below. 
The final aminofimctional silicone resin composition, wt% phoiyl (Ph), wt% R2SiO (D), 
wl% Me2SiO (D(Me2)), mole percent amino (-CH2CH2CH2NH2), wt% amine (-NH2), and 

1 5 -NH- (Amine H) equivalent weight are shown in Table 2 below. 

[0039] Aminofimctional Siloxane Resin El was prepared in the following manner 
A mixture of 1 19.6g phenyltrimethoxysilane and 218.8g phenylmethyldunethoxysilane were 
hydrolyzed with 67.3g dUute aqueous HCl (0.02 N), followed by distillative removal of by- 
product methanol. The hydrolyzate was dissolved in 1 19.0g toluene followed by azeotropic 

20 removal of residual water and subsequently reacted with 34.4g cyclosilazane (1,1,2,4- 

Tetramethyl-l-sila-2-azacyclopentane). 5.1g dilute aqueous KOH (1.0 N) was added and the 
mixture heated to reflux for three hours. The mixture was neutralized with 5.2g aqueous HCl 
(1.0 N) dried via azeotropic distillation, filtered and solvent removed to yield 265.1g of the 
silicone resin El 



25 
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1 TABLE 1 1 
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TABLE 2 


Example 


Aminofunctional Silicone Resin 
Comprising the Units 


wmph# 


wl%D* 


D(Me2'> 


Mol% 
Amino 


Amino 


-NH- 

Ea Wt 


Al 


M0.079l>*^'*0. I54DNH2o 203TP'>o.564 


72.8 


36.1 


0.0 


20 


2.6 


306 


A2 


M0.095I>PV339D^0.206TP*'0.361 


69.4 


56.4 


0.0 


21 


2.6 
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A3 


DPho552DNH2Q.205T%^01 


71.9 


80.1 


0.0 


20 


2.5 


320 


A4 


DPh(j3ggDNH2^^jjgTPho.406 
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0.0 


21 


2.6 
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0.0 


20 


2.9 
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73.6 


30.1 


0.0 


10 
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10 
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10 
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0.0 


20 
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69.9 
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0.0 


323 
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MNHo.n5DPho.589TPho.293 


84.7 


27.8 


0.0 


11 


0.7 


1186 



In Table 2 above: 

5 # molar mass of phenyl in the composition divided by the molar mass of all resin R groups in 
the composition 

*based on the molar mass of the designated group divided by tbe molar mass of the 
composition 

M denotes (CH3)3SiOi/2 
10 mNH denotes (CH3)2RSiOi/2 where R = -CH2(CH3)CHCH2NHCH3 
D denotes (CH3)2Si02/2 
DPh denotes C6H5(CH3)Si02/2 

dNH2 denotes(CH3)RSi02/2 where R = -CH2CH2CH2NH2 
T^h denotes C6H5Si03/2 

15 tNH2 denotes RSi03/2 where R = -CH2CH2CH2NH2 
Q denotes Si04^ 
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EXAMPLE 2 

[0040] 30.0g of aminofunctional silicone resin B4 prepared and described above 
comprising the units Mo.299 dP^).101 dNH2q x^*^ o.497 wherein M, dNH2^ and 

jPh are as defined above, was weighed into a Hauschild (Hamm, Germany) Max 40 plastic 
5 cup followed by 0.9g of Tergitol® TMN-6 (2A8-trimethyl-4-nonyloxypolyethylene 

oxyethanol (6 EO) a nonionic surfactant fit)m The Dow Chemical Company (Midland, MI)), 
l.Og Tergitol® lS-S-30 (alkylene-oxypolyethylene oxyethanol (Cn.js secondary alkyl, 30 
EO) a nonionic surfactant fix>m The Dow Chemical Company (Midland, MI) and 2.0g of 
deionized water. The cup was closed and placed into a Hauschild (Hamm, Gemiany) 
10 SpeedmixerTM dAC-1 50 laboratory mixing device. The cup and its contents were cycled in 
the mixer for 20 seconds. The cup was opened and the walls of the cup were scraped with a 
spatula. The cup and its contents were subjected to a second 20 second mixing cycle. Next 
6g of DI water was added and the cup was again subjected to a 20 second mixing cycle. An 
additional lOg of DI water was added in increments of 5g followed by a 20 second mixing 
15 cycle after each addition. The emiilsion that resulted was milky white in appearance with a 
slight bluish tint The emulsion consisted of an approximately 60% by weight resin oil 
particle phase. Mean particle size was measured using a Microtrac® ^ontgomeryville, PA) 
UPA150 instrument and had the following properties: D(v, 0.5)= 0.2766 urn, D(v,0.9) = 
0.3467 um 

20 

Example 3 

[0041] 1 .02g of amino functional siloxane resin El was weighed into a glass vial followed 
by the addition of 5.68g of DER® 331 and 3.35g Versamine® C-30. The ingredients were 
mixed thoroughly with a wooden stir rod resulting in a clear and colorless mixture containing 

25 1 0% by weight of siloxane resin El and stoichiometric ratio of amine to epoxy. Six mil 
drawdowns were made onto Chromated aluminum panels (AL-39 from Q-Panel Inc. 
Cleveland, OH) and the panels were exposed to a nitrogen purged oven for one hour at lOO^C 
and one hour at ISO^C. The cured film was clear and colorless and had increased flexibility 
(4) compared to a control sample (6) with no siloxane resin added as measured by T Bend 

30 Flex Test (ASTM D4145). 



